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A high speed modem (26) that transmits and receives digital data on an ensemble of carrier frequencies spanning tr 
usable band of a dial-up telephone line (48). The modem includes a system (30, 32, 34, 36, 40, 43, 44) for variably 
allocating data and power among the carriers to compensate for equivalent noise and to maximize the data rate. 
Additionally, systems for eliminating the need for an equalization network, for adaptively allocating control of a 
channel, and for tracking variations in line parameters are disclosed. 
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ffi W«l 3 4 t± . lECOQAMy^rAfeHivt. Wi & G> & <0 
eyhSr*ffl^ftk«iikJR«)fc^© (xn. yn) /< P h ;i/ C X y □ 
K -T ft - 05 A tf . «tt»fn-C4-3©fc>K fr & « "T & C fc J* 

try sa3>^©4^ot*y h # ire 2 0 to 4 
try hffi«rt<7>i 6 tt q i -7 ic ge » $ n a . ::n * a « j£ <o 

4 -3 60 f y h co 1 6«o*i6n&fi^-fr01oi;^JC 

tt. \£ y h *s — <r>XW4-3(Dt'y h 1 > 3 - Kf 4 g?5rt 5) 
,£lC^J&T«>. (xn, yn) ^yh^tt, ftPT. ^ ^ y 

y 7 7- ~ f )v 3 6 tata^ni. k n e t* . 

fcfciaitfcCD/i^CO ( x n . yn) h ;i/ <0 t — 7* fc g: l* St y . 



ff 4 Lv^ftWCtt. K M 85 4 0 ti . «JS7-"Jifill8' 

(FFT) fc « *. T *» »J . (x. y) ^<4?h>UfrPFTfi6«tU 
Xfflv>Tifi5FFTJH*1^3Eft-rS. y- h/t/<r-7*A'tt. S 1 2 
W » & ffi « <9 I , 024tfl4>FPT,£fcSi*>-ri, 0 2 4 CO «B * 
<0*fc^A,T-v*£. 5S6FFT«»liJ:y. QAM£#fc«to-ri, 

-K*hftUHi/'J-X0 1 , 0 2 4tfC5xU>>Hi. f^'i' 
JUmBOs V — X y 7 7 4 2 tB«8h6, xt^y-jl/BSKJJx — 0* 
> * fcfc , 7tP^/fJ'*?A'3y/<-# 4 3 tcA «7tny»» 
tCSEfeSn. <T>*-7x-fA4 6tt, ^^COTWy^SfcfcRtt 

4 8 fegtiSiSr 4 «t 7 i:«^feMfiT 5. 

S « *s 7, =r A 5 O tz r> X ttflth H . CD 7> y ^3*« 

S»4 8»»6gfiSL/:7tD^j&JStt. -<>*-7x-<*46lC 

-t^TWfisn. 7tD^/r'/J;i/3 v/U * 5 2 1= ft t? & ti 
ft . 7ta i^/f 5 2tt. T-^-ny'iftj^&-r^ 

* <0 1 , 0 2 4 AA^fflC/iJ-Xf -r^CKftU. rtvtt, 

0 2 4 A/l^iai"J-XT-7'/l/fe 5 1 2 A» (xn. yn) 19 
h /l/ x — 7*^t;Rfib. CMi. S^^^hA/T* — 7* /l> ->< y 7 7 

5 B|;EH3/\5, C CO fi; » l± . B$(Bi/»J-Xt:»^^tFFT 
&Sfrr4;tt; 1 J: y f 5 ft *v ft . s-nttttflBi&i&ii.xv^-K 

3i 6 O K « IC E t3 S T ib* *J . «£ t> T , aig^y h;i/r-r^/ 
'<y77 58tcKtaSnfc (x. y) 7" — 7* /Hi . f i 5 # f - 
*«3HB6 OlcJ: »J iB f - ? fc' y h > — ^ ^ X i: jK « 5 lv & C 



k'taRi^tV*. WAtf. (xn, yn)^^h^tf4t*yh<?) 

f — 4r v * fc « *>"T » tt: . co^i; h^^r ^r-i» ft 
4 g 6 O i: <t M t'y hiz-^^AC^ftS h-eLTSgf-? 
y h y 7 7 6 2 CEta^ ^ 4 . S f 3 7 s — * fc* y h - <r > X 

ffi^t ft F PTt£«©^^<fH<5!tt. 1 9 7 5 *N, J. CO 
7* 1/ > x -< X • J* — A> • 4 > 9 (Prentice- Hall. Inc. , ) tC J: *J & 
J£ 2 ft & 9 t*7"<Rabiner)BE;^ CO r7 : i'"*;i'©-S-j&3<0J3£&£* 

ffl (Theory and Applications of Digital Signal Processing J 
t Hr iXlRtg^ ^fttv%5. U » L ft :* 6 . JiELfcFFT 

KMtttfftt. *ftqs^>a:sfftfi5^i?ttftvv. uti^iix. 

3-70Stf^i5Al 1.' > l-30t2^fbntJ:7l:. 

$ ft • X IC * 7 A 1 2 . VWV3 5- 70. 

2) 7 A 1 3 . 7-fVl-70&l/^7Al 4. 7-f >1 - 1 3 t: 
2^^fetl(llyXTAtlS'J9illCi:tTS 4.. 

a»&^7.irt?a. — u > tf ^ - ~s he e tt . —mcr>thftt:± 

(fn> It. «i&»fnlCt;>7<E.aSUfc (Sf3Cfc) ^-TXttTl 
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2Bd BRTO.VtDffiWftfltfflof^tbTa-Hftini. /£ 
# ^ A tt . feftjgt,. *OJ3ttftiHi&tt 

(e]n2tr y ho»flii$)?r4*>ift«r5. 

yy5tt,'i^T. «; » a tt . foDfiei£iife«i#©a;$s 

$r5t-rjB2c9ttffli>3-Km j g-^«^b^{3-ra- 

*B £ T- £ ft co tt . &&* J rAtf&mf&&3jfto>s4X3i.tfi{S*n 
tr> ft a* e -C £ ft . « is ^ f A i: A r>X«^*nfc(g-e-H4?^T. 

2^co t'y ^ few:* ft k «r#r ft*Jt3ttsaj£#tt. iso- rote 

«ft<cfifit'D-KMkf*i. teCO^TCDifc^tt. O* CO ffi *J f$ 
ttffi-en-K-ftZKft. 

• 2*^©-*7 r ArotCi£*8'J>5>»t^*£-r4. — JK . 
3 O O 4va4 O 0«©flS»ftfiR»^t9^«»U^fl/(!)2 tfy h 
i£ (3 S: f£ 19 L . C n * U . 2-3©^fARIl;*5B00tfyI*/ 
Jtrtfy^Hi^JSif-J-^. x x y ;/ 7 tt . :«5ftr 4f - * y 

*ffl&»T«£$$-T£c:i:<OT$£fc'yK<7)« (0-15) ftlfjg 

au-<;u ( 0 -63d b) tcBsrix-^taffi^rA^isrgr 
ft. t€-^r, c r v . * ffijftLF^; * a <z> PS;* a . jcs«ia^ 

^ f v y 8 t T . SJS^E^Att. ^^E-ra^ — jiy^^ 



ftfiun 62-502932 (8) 
xf-y^3<DRa^. *» i ef r A26atf^;» : e7 : A2 6* © 

S3 * tt , f AiUiiSffi^tjifctKePtt^l: vi: 

??3£T ft V X *r - * % BE T * . &i.*T. ?5 ^ CD ^ x A ti . *; 

ft. *«0>^Xx^ v i; feip^fttt. «JatliflO«C5:iaEiOft 
X? i;fc'i»T. ftfit f Alt. 2oCO«fefettflOaijtfy 

-tivi-ei^r. 5 12C0l«i6«C0«fi3-A«r t Xrv^ 

Aicoi^Tai^fcJi^ic'S-Hii&niE^ttfeJSJc^^ftV^a ^ ^ . ^ 
ia«mai/fls-§-D^co«fi:jtif"rft. ^coj^^tf^r. 

« h a*r ft isj & ^ - * t « « u r ^ ft . ^trAtt. 
BBai/fef - yene. sshTft. r <o ^ — * tt . rw^u 

tA©8yo^fyyi:«^v»t2-DO*fAiaTKjft3hS. 

: 1. © ^ IS Jt.l/ 3 - .+* ffl i: « ^ L T 2 (3 T ft . W«*«^u^<^ 
Tfl?«ftffl*lSH:2 l^y h fe««T6^J5ft^tt:. 160' CO ffi 
^<cfitffl€:^'L.fc - 2 8 d B Rfif^fc UTJfi^^nft. «i$Stt^) 
l/-K^-(?^^«ffi^lRHc2tfvhS<Bfe*ft^L,ni:^«-fia^li. - 



«rMv^r«»W»*^lH*«ilit»tl£«-rft3i:©-C«ftfy h 
CORlllFS^l/^C^/lcKrft^-i'fe^ffirft. ttoT. Vq^tt 
Att. i&«:«Sa.tf«ffii5»COffi^IpJH*?n-C^Hfi&j»fiJc4>tclS 

nfe. u*»u«eiS6, cnftco — aco^-r-y-^tifcxyfis-eii 

^C<. ^<C0X^y^ti(5)^lC?T<fcoT*,«J:^LBifC0»l^-e«fc 
o T «» J: ^ . «^«:. J!ffl3 - K»:ft^< F F TO^fii: / -<X 
=r — ^C0JBttfeig^icft<ci-i:^-C$ft. B«8^n tx* 

tciEHt<t^>r5 >^*idt»tt»:5^ft. ci co ^ -< i > tr&meitt 

£: «t»-T ft Sr a«!S b fc» H . RtSC^Xi, 

ft <0 tt . titW V F ttSWOBSf ft . f FT 
tc«tgStfrftfc*OK:ii. - V> X y ± v hfe»iEL«^<ia:*^Jl: 

httltC-t y * 7 t y h « « K tf s a ^ h - > « ^ «| » 

XAtci y.(&5f<tWtt»34-7-ey h^^^ffltfj&^s/v a. 
ta^A^3-K<o»gr^coigg 

y S « -y- t >*;i/i;fe^Tf . K £ *x ft . yi/y^ 
Xtt. ^«(B-^«:Sa-tir. tta^D-fexco»jK- £:<£T$-eft. « 
*?^©raaiEB& f ot: Boffl© t' v h d& ft t vi^^^cf)^^ 
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*v * £ <i l> . £ U . Ebtt, BERfcjft.$0>BER<BER)o 

J: y ^ s < isfjt 6 t « o «4 s a / e y ht*6. 

(0 (flER)ofrfiif i:coa»i:fi«4ty KC0Kfci£f3T& 
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CO — mnSlz^msj XB8K#8£(StL,Xv*£> t^^f^tt^nfe 
t»C0-Ci65. *tt«fci»fcU. *A«7;i/^tjX 
A COai* 1 8 6 8 ^. — j. — 3 — ir. J. Vlley and 

Sone & & 0 rmn& & BlV <8H&G> & ijffi fg (Inforiation Theory 
And Reliable Contunicst ion) J t H T 4 -5 — (G« 1 lac her) 0; 



coxeicie^^tvxt^s. 

*3E9J3S»6±. tt *' 0 □ — K (^Toiv— »iEC0fc*0C0t»CO) 

yucoaja^^sa fcfi^urj r fc uB9-r**»co-c^&*ftaH 

l/T JS < . 

iSftC^ffly^Xu^^/icatdiTfifiO^fili/^X^nTt 
CC0«Sft«4^*dHtt. 5 1 2C0ffl«»&jfeSUfrt?ntffe 

^ ^ i» . 

* T . SR3 coafi-^-y >^;i/co^ffi^-r Xi//<^l:ar4 
(1) SfS«i:»i>T5f«Hi>''fXfe!l8SLtl,TJSf*o 

Jftic tti y i4 « a 1 1> it 5 a r a y < x i ?t u r a . - 

*v ^ Wfi & ga&T & c CO Zf o -fe X «: . m 4 @ & m U ^ JW u: -p t» 



«: . 0. 2. 4. B . 6 Rtf8 t ^ h) (Or — 9 * is h tc 

iS«r4^^S?<fctt»l"</l'S:IH-J5Cr*- C*itt. 3t j$ CO B E R . 

IX7-/IOO, 000 t'y hTl^flDr-^ xu> 

t « i t t J: U «t *v 5 . ^ B E R tt. SEH*#vfc^JRa&0 

fg^i^-xpcofora&s. z:n?»co«*^Jt«itt±. « v ft & s 

fc % CO X *» 4 . 

(4) *-»©fw*^t-ppt. ^^JteBfK^Al/^.ft/A^ 
*ft^22C02»9AT--^/l/fr^i3tra. -Ertt^co^&lt. ^SJ 

(5) »:©H^*<<ce^^//«^k:tat^xjbffiA5 l y^4C0 

r-^^^ftiariiticj: u tx h f^ASr«^ra. 

C6) «fflXftit5XJ*^fti*X-. ^^tC>C&<«c5iJfSt^ 

JbKC0ttX3«S^&t±. fflf^^W^«toXA<^«XftJ:d- 
zco#9ic&3:*v*ft«It±. — * H is & *s 7. f AlCfe^TB 

ifit 4^<7>-# fc«fo-f*»COXtt*v*. 
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KP(2-4)=6/ e v h 
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??^B3 62-502932 (10) 
totem f Atznr &&&K£Uxit . jtgfcftfB 

tyh«NTtfH4Sfi^<*l:i>3-K?fti*i. ft iX « A c *, 
B i: t t* v h JJiJjyat^nTi»<(^t©i:iSSt5. W *. tf . 
N(fl)&t/N(fB)lt. «t:x-?fir«^LTv, i^n^CDffliS 

& fct a * b ts>ra-pt?jyi!jT*. 

a»£t*4 # to o * a twysTfetf* * r . ^ y > * ;u b & )H 

A/AC3JUTMP(0~2)=2/evh. f t>*^Bi;^OT 
MP(0-2)»3/e'vh-Cft«»&-?J&ft. -t*V&. * x A 
t±. 4mffl(Dtt*fc»i£il5tAlctt»;a-C. 2t'yKr-^^u> 
>hfe»iSttAlZ3 — K f fc U . ±<9Wtilt&Z fi: N I 6 N T + 2 

<2~4)c=4/tiy K-C^-^^-y ^*;UB i:^LTMP(0~Z) 
= 3/ t:y Kf fti^ii. «»*ffi#6 ^£.jjt?ft 4. * n & . 
^ A r A tt . 6fffi<!)«»&»3t»Bt;WyST t 2 t" y i- ? - 



*t? n fc 4 . 

W 3 J' :* ^ A tt . /W«»£«*D^i£3£-*-afi8K3.fci£afcti# 
O & to K: 3* 1 ^«ra;t»:J:,Ti||5-c5 1 2 « CD IB £ ait £ 

^> ^ O t ^ h iT 5 A tt . 0. 5d BtOXr v^T-A 

# « £ *v ft 6 4 d B««gBS:*rTa«*:}tC«fi!ta*.4. * ^ y ^ 

t^fy^tcora^fi^^Stf^ovht L T ffl £ *i * . ^ C9 

«/8»IffifeaA^i3«fl:sh5. j£ . *U ffl |£ « 2j # j§t * 



ife S « *t 4 . £ IC. *4^^Itg^tt^At^&t^ia^l.-<^MPCm 

ST 4fc*t> Kig t/ffligi»£fl; 5: ft XT 4 . *«8i£&tWySTe 
n 4 « a o Jt tt % MP(m« i)k:^U^^xtttftj; U/hSv , a 

Kffl&fcK#*4i?iS>*«2 J tee>*uT;fe4. c n jc & *. -c . kM 

J* W T 4 . *«it)tt»*KHi?« y. t£ o T . :T -< * A h 

^^•;^*tt(s,eooo/8.T!. ^v^^ra<D^fa-wy 

f«*»ttl2B5y«>-C*a. H « C. J^fiFFTtt. 1024 
<5A»frf T6«$iai"J-Xfe«ai. ffi^^fnBttl 28 5 u # 

-t? * 4 . 

414 37. SHKDfflfefi^^ C»lflt>^-<5v^0^) 



*ia«eicsiifir*iEtt^K>rawfc'fcj: * o r &.~c $> y . — juic 

h5. S!l0)if-<Sv^fg-9at^JB2C0^-<iV^fg9- (16 8 
7. 5 H z > t±. * & -s # - 'J K K ^ X ft n U ISLtt & *i v V 

15 fij ^ T 11 . l^|!DTESTi:«VvTS 1 ai/fi 2©j» ^ = > 

^«^ottfflfeifcier*. jsi t ss 2 to * * >^«^ra^ 2 s 
*7ty ht^u 2ocof^rai: 1 r «te«-fftA»£&*. & 

1 AUJ5 2©#-f « V^fflf li. * ft. £ CO fit H tfi © -u « j£ 

■C{ai8fglCJ:-3-CISma*vfc^ra-9->-^»;^^^-7-fey h CD <H Si 
TTESTttfiET?>: »J . iE « * W 5 >^l&BSTo£rft:£ 

? > y y > t: a & * s ^y^y-rac* tcsgjeufc 
£ t: BO co tq ft d . JJ94S(lt:«ff Lfcfiffli|gtfVF7^ vcj;.. 

Ifc O « ^ K ti . *-)2i:y#i£vW±-tft,£A-h-eaba. J£K. c co <fc 
ffl iS *g tt: . 4 KH i©figffi^«<t)ttMi6T7l±«L<Sftr 6. 

ssean. m ift i» tts r a ffl ig si t ft ^ a <o ^ « iftft 

Ifc f . . f .nJtt? f ,,,1: 3 "3©fl^ 9 0 . 9 2& t/94tfj5sff 



^^D362-502932 (11) 
ft 1 $ ♦ fia^T»{52-D©c^xi&i;yiJi. « # «t u *? 

l L <t *i <j . W«9 2aa9 4<OfiS^3ficr>«^fir>5fe«ttt. Wttf 

j£ . 2o©JEfifclCi&(3*nfcijtfy5>xi&.l/yiiCOt*-C 
H . « CO «-flfi i6 K ifc 6 fff ^ 9 2 » t/ 9 6_hCDiSie^xI0> 

a ei . w*Sco43^>«igti&&f3-g-9 4jifl>»2fie-g-yic9$tfls 

* > ^ y vy-f >^-/<ii/ ^ co es pa w > # -/</ut«t 

>yrajt-5n^f^*ta*via^icit. & a & & ic & 1? 

■3- y > ^ s ft & . 

* B SB tt . BiRttrf-Kl^ra^jr-Vv h%fflv^r^<tias» 
»9@£ffiHgrivtf. RHJ/U-Xxi. yiatfzilCio 

cco«-ctt. a pa t « # 1 2 8 5 y # -c . **tt*si8jgTPH 

tfBi i;»-e^5tES3n5. #-KS¥lfflifc#tt. 1 3 6 5 y 
f*C0irffy5'tS«>i. W H . Sinftil 1 0 (Xi) ic fi 
v^Ttt. E*©«Hf !l - XX.- X,,,, A^flfeniSfgi h, »c 



ft # - KB? HJ^rffy^©PSJSUi^b-C) . 

v*"C. ^«CO<t»*>ttjfic*>fii:. 35«CD(Bttifi0>i-,fcK15tt*J& 

^^coss^-c^y. f,nsw*ift»tt. ftftc«»ri]£^t? 

gl OHCfcH't. f,<OS52COiffcJ&112tt. f i CD JB 1 
4> tt J& 1 1 0 tir S fii *& tZ m % T S fiS T ogfc CO 03 (ft T o + T PH (8 
5 y «r ) K#l2»tcSt*Ti. :©e$!5IITo+TPHt 1 2 8 £ *) 

t^co^v^yv^^ta^egte^n*. tt-^ t. f , co £ se ^ x . - 
fg ^ ft. a co -e . f ,<oia:^t^vy'j vyjKi, 

X- K * Rl o> np # t> S ft * . f»CDS$2S2* (yi) CD SI 
«t±. (xi) £ij&#©8$y#0?Si£fBK.fc- 3 T. 8 % y & x £ 
f,C03g2S2-^CD$fc«tt. f . cojg i E^CD&tt 

t * £ u a . 

8= y # co # *~ k na n . >*Ti><nQ£m*iit&umf3i£iFt& 

fti^®«t.€:»6%M^-r&i:jS«r«i^. crofts <t«^tt. & g 
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